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© Radio communication system. 



© A cellular or similar radio system measures the 
propagation time for signals to be transmitted be- 
tween a mobile unit and at least two base stations, 
thereby obtaining two range measurements. This is 
used in a triangulation process to estimate the posi- 
tion of the mobile unit. 
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© A cellular or similar radio system measures the 
propagation time for signals to be transmitted be- 
tween a mobile unit and at least two base stations, 
thereby obtaining two range measurements. This is 
used in a triangulation process to estimate the posi- 
tion of the mobile unit. 
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Radio Communication System 



This invention relates to a radio communication 
system of the type having a number of stations at 
known locations, hereinafter called "base stations", 
a movable station, and a facility for observing 
transmissions between the movable station and the 
base stations and for selecting, depending on the 
results of this observation, the best base station for 
the movable station to use for communication pur- 
poses. 

The "observation " can take place just at the 
initiation of a communication, or may occur at 
regular intervals or even continuously during a 
communication. In the latter case a facility is pro- 
vided for "handover" from one base station to the 
other during the communication with the minimum 
interruption to it 

The invention arose from a realisation that 
communication systems of the aforementioned 
type ccuid, in a manner similar to a secondary 
radar system, be adapted to provide a measure- 
ment cf the range of the movable stations from 
each of at least two base stations, and thence by a 
process of triangulation, to provide an indication of 
the location of the movable station. 

The invention provides a radio communication 
system of the aforesaid type characterised by 
means for making measurements of the times for 
transmission of signals between the movable sta- 
tion and at least two base stations and means for 
ceriving, from the measurements, an estimate of 
the location of the movable station. 

The range measurements can be made to 
/arying degrees of accuracy depending on the 
design cf the equipment used. If the accuracy 
obtained is inadequate it can be improved by stor- 
ing, e.g. at a base station, data representing a road 
map. and adjusting the estimate of location using 
an assumption that the movable station is located 
on a read. 

One way in which the invention may be per-' 
formed wilt now be described with reference to the 
accompanying schematic drawing of a cellular ra- 
dio system constructed in accordance with the 
invention. 

Referring to the drawing there is shown an area 
of terrain comprising a number of base-stations 
8S1 to BSa each serving three "cells" indicated by 
the hexagonal areas. The base-stations are linked 
to each other by land lines (not shown) and to the 
public telephone network. 

intttattoaof the request for vehicle location ton 
formation msy.be given from the> veMd*«seir or 
for mmv vt tm+*** mortal utt infcsdte 
a Hm iMIilrttt+dsdtatod tsnd few* 

mobile unit MU* 



ously monitors transmissions from all base-s 
in its vicinity (which all operate on different fre- 
quencies) and selects the base-station (say BS3) 
from which the strongest signal is recrtvecfe lit 
5 alternative arrangements it could make the setsor 
tion on some assessment of the quatity of tha 
signal other than its strength. The mobile unit then, 
automatically selects the frequency appropriate to 
the selected base-station. It is then able to commu- 
jo nicate with that base-station and thence to other 
mobile units or to anyone else connected tix the 
public telephone network. 

On receipt of a request for vehicle location* the 
base-station BS3 currently serving the mobtteunit 
;s selects the adjacent base-stations BS 1.2*4,5 an* 
6. These then all send acknowledger 
signals to the mobile unit and the mobile i 
to each of these by transmitting an 
"acknowledgment" signal. The time dete$ between 
20 transmission of each acknowledgement* request 
signal and receipt of the acknowledgement stgnafe 
is measured at each appropriate base lUtion and 
these measurements are collected at B8a* where- 
they are (a) adjusted by subtracting a time^vakjfe 
25 equivalent to the response time of th* mobile? untr 
(b) converted into range values and (caused* in a 
triangulation calculation to produce an 
the location of the mobile unit. Each 
has a digitised road map of the areas surrounding 
30 it and the co ordinates of point on a road nearest to 
the estimated location of the mobile unfc are then 
assumed to be the actual co-ordirmts* ot ttw&ve^ 
hide. These may then be transmitted ta I 
or used for other purposes. The 
35 vehicle and the road map of the 

usefully be displayed visually either In 
at the base-station or elsewhere via 
munications links such as the public^ 
network. 

40 This system- may also be of value to! 
the position of vehicles making ma 
indeed stolen vehicles* 

It should be noted that the illustrate* system is 
designed to make six range measu oi nentt. TWe ts 

45 not essential. Two measurements would t» suffi- 
cient to give a useful indication ot 
would result in an ambiguity even ofel 
Three measurements would be sufficient to 
non-ambiguous position on flat grourxfc Four would 

so in theory be sufficient to give a 

position on contoured ground jfe* 
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Claims 

1 . A radio communication system comprising a 
plurality of stations at known locations, hereinafter 
called "base stations", a movable station, and a 
facility for observing transmissions between the 
movable station and the base stations and tor se- 
lecting, depending on the results of this observa- 
tion, the best base station for the movable station 
to use for communication purposes; characterised 
by means for making measurements of the times 
for transmission of signals between the movable 
station and at least two base stations and means 
for deriving, from the measurements, an estimate 
of the location of the movable station. 

2. A system according to claim 1 comprising 
means for storing data representing a road map 
and means for correcting the said estimate by 
making an assumption that the movable station is 
located on a road. 

• 3. A system according to claim 1 or 2 in which 
each measurement is of the round-trip time for a 
first signal to be sent in one direction from one 
station to another and for a second signal to be 
sent in response to receipt of the first, in the 
reverse direction. 

4. A system according to claim 3 comprising 
means for correcting each measurement to take 
into consideration a finite response time of the 
station receiving the first signal. 

5. A system according to claim 1 and substan- 
tially as described with reference to the accom- 
panying drawings and substantially as illustrated 
therein. 

6. A movable station for use in a system ac- 
cording to any preceding claim. 

7. A base station for use in a system according 
to any preceding claim. 
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